observed at all. l h e experiments also conlirm that very high quality pcriodic gratings can be achieved lor small grating periods.
Generation of transform-limited optical pulses at 10GHz using an electroabsorption modulator and a chirped fibre Bragg grating M.J. Guy, S.V. Chernikov, J.R. Taylor, D.G. Moodie and R. Kashyap Transform-limited pulses of 5 6ps have been generated at IOGHz using an electroabsorption modulator in conjunction with a dispersive transmission filter based on a chirped fibre Bragg grating. This method is compact. controllable and incorporates minimal fibre lengths Electroabsorption (EA) modulators have been shown to he capable of generating short optical pulses at frequencies of 10-30GHz [I] . Recently the generation of 6 . 3~~ pulses at IOGHz has been demonstrated using an electroabsorption modulator followed by dispersion compensating fibre [2]. A duty ratio as low as 6.3"% was achieved by this technique allowing the realisation of optical time division multiplexing (OTDM) at data rates of up to 40Gbit/s. A 400m length of dispersion compensating fibre (having a high negative (normal) dispersion coefficient at 1550nm) was incorporated ELECTRONICS LE77ERS 73th April 1995 Vol. 31 in that scheme in order to correct for the residual chirp imparted to the pulses by the modulator and so compress the pulses to the bandwidth limit. The use of such a long length of fibre in a pulse source may. however, introduce a degree of unwanted phase and polarisation drift in the output pulse train if the temperature and birefringence of the fibre are not actively stabilised. Alternatively, chirped fibre Bragg gratings have been proposed [3] and demonstrated [4] as dispersive filters capable of correcting for the chirp present on non-bandwidth-limited pulses. In this Letter we report the generation of high quality pulses as short as 5 . 8~~ at a repetition rate of IOGHz from an electroabsorption modulator used in conjunction with a compact, low insertion loss dispersion compensator incorporating a tunable dispersion chirped fibre grating.
RFot lOGHz

I
.DC preamplifier P A y ' -' output amplifier ImW from a DFB laser diode at 1 . 5 6 2 5~ was coupled into an InGaAsPhGaAsP MQW electroabsorption modulator similar to that described in [2] . This was driven electrically with a DC reverse bias of up to 9 V and a sinusoidal R F modulation at IOGHa with an estimated maximum peak-to-peak voltage of XV into 5OQ. The optical signal generated was then amplified in an erbium fibre preamplifier and transmitted through the dispersive transmission filter. The output pulse train was amplified in another high power diode-pumped erbium fibre amplifier to a level at which autocorrelation measurements could be carried out. The all-fibre dipersive transmission filter was used to transform the reflection characteristic of the grating into a transmission characteristic with low insertion loss [SI. It consists of a polarisation division multiplexing coupler, fibre Bragg grating and two polarisation controllers, and its operation is described in [SI.
The grating used was 8mm long, initially unchirped with a bandwidth of 0.33nm and had a nominal peak reflectivity at 1.561p.m of 17dB. The chirp was induced on the grating using the temperature gradient method [6] which was produced by simultaneously heating one end of the grating and cooling the other end, enabling the reflection bandwidth of the grating to be controllably increased to greater than 1.75nm (giving a dispersion of -4.5psl nm). The grating was also strain-tuned so that its reflection wavelength coincided with the operating wavelength of the DFB. The dispersion of the grating introduced by this method is inversely proportional to the grating bandwidth, so by controlling the grating bandwidth. the effective dispersion of the grating could be adjusted to ensure optimum chirp correction in the pulse source. It was found that in general the shortest pulses were obtained from the broader grating bandwidths. Fig. 2 compares the pulses generated directly from the electroabsorption modulator (outline circles) with those generated from the combined modulator-grating system (solid circles). In this case the grating bandwidth was broadened to -1.5nm and the R F drive supplied to the modulator was estimated to he -8V peak-to-peak.
The minimum pulse durations are dependent on the chirp parameter introduced by the modulator, which is a decreasing function of the bias voltage. In addition, the uncompensated pulse duration also decreases with increasing bias voltage on the modulator, hence the minimum compensated pulse duration will he a function of the bias voltage. We found that the minimum compensated pulse duration occurs at a D C bias of 7.2V for this grating bandwidth. Fig. 3a shows a typical autocorrelation trace and Fig. 3c the spectrum of the pulses generated. The periodic structure in the Fig. 36 shows the reflection spectrum of the chirped grating measured with the broadband ASE from the preamplifier. The dip in reflectivity, which occurs in this case at 1.5622ym was found to always be present when the grating was chirped regardless of the degree of bandwidth broadening. This dip in reflectivity is advantageous as it can help to suppress any residual CW carrier radiation transmitted by the modulator resulting in significant suppression of the background. It is believed to he due lo an asymmetric temperature profile along the grating causing a slight nonlinear chirp. It should he noted that although pulses of almost comparable durations could be obtained directly from the modulator at very high DC bias values the quality of these pulses was relatively poor and they were not transform-limited. The shortest pulses generated with optimised chirp compensation were 5 . 2~~ long and we believe this to be the shortest pulse duration obtained from an electroabsorption modulator without resort to nonlinear pulse compression techniques. We have also compressed these pulses to 180fs duration and generated pulses of tunable duration within the range 0.2-5ps using an external nonlinear compression technique. This will be reported in more detail elsewhere.
In conclusion, we have reported the use of an electroabsorption modulator in conjunction with a low insertion loss dispersive transmission filter based on a chirped fibre Bragg grating to generate high quality pulses of 5-6ps duration at 10 GHz with a duty ratio of -6%. This method of compensating for the chirp imparted by the modulator has the advantages over the previously reported technique involving several hundreds of metres of optical fibre of being easily controllable, compact and incorporating only a few metres of fibre. In addition to dispersion correction, the fibre grating operates as a broad bandpass filter providing preamplifier noise reduction and pedestal suppression through spectral shaping. Although we produced a tunably chirped grating using a temperature gradient method to evaluate and optimise the performance of the system, the application of stable. permanent chirped gratings [7] would be preferable for practical applications.
